Background: Deformities and excess skin resulting from massive weight loss are corrected with circumferential lower body lift (LBL). The gluteal area is frequently flattened due to aggressive skin excision during LBL. Gluteal implants can circumvent this problem. Objectives: We aimed to objectively evaluate the outcomes of gluteal augmentation with implants versus flap surgery performed simultaneously with LBL. Methods: Between January 2014 and June 2015, twenty-seven patients underwent LBL with gluteal implants (10 patients), flaps (14 patients), or no gluteal augmentation (3 patients) in our hospital. Three-dimensional analysis was used to assess gluteal projection preoperatively and at 6 months. Gain in projection, pain scores, complications, and patient and surgeon satisfaction were compared. Results: The mean follow-up duration was 18 months. The mean gain in projection at 6 months was 4.9 mm in the implant group, -0.5 mm in the flap group (P = 0.1), and -9.6 mm in the control group. The mean implant volume was 294.5 mL. Operation time was shorter in the flap group (192 min) than in the implant group (218 min, P = 0.001). Surgeon satisfaction was higher in the implant group (P = 0.007). Implants were more painful than flaps at 4 days and 2 weeks (P = 0.004 for both). There were 6 minor complications (60%) in the implant group versus 7 (50%) in the flap group (P = 0.94). Conclusions: In selected patients, LBL with gluteal implants is safe and slightly increases gluteal projection.
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The number of patients who experience massive weight loss (MWL) following bariatric surgery is increasing worldwide. In 2013, there were around 468,000 bariatric surgeries performed worldwide. 1 Such patients typically develop severe deformities, especially, in the abdomen and trunk regions. Body contouring is useful to correct such deformities, improves the quality of life of these patients, 2 and facilitates long-term weight control. 3 The circumferential lower body lift (LBL) effectively corrects many of the deformities after MWL. However, the buttocks area appears excessively flattened if aggressive skin excision is required to improve the contour of the thighs and lower back.
To address this drawback, autologous flaps and fat transfer have been effectively used at the time of LBL to add volume and enhance the esthetics of the buttocks. [4] [5] [6] [7] [8] The use of autologous flaps is a widespread and useful technique. However, in some patients with MWL, the buttocks are so flattened and ptotic that autologous flaps have insufficient volume to improve the esthetics of the buttocks. In addition to this, there is a risk of steatonecrosis, denervation of the buttocks due to undermining, and insufficient volume in the lower pole of the gluteal region ( Figure 1 ). Fat transfer can be ideal in some patients; however, it is labor intensive and has proven to be difficult to implement in patients with a low body mass index (BMI), who lack sufficient fat.
The use of gluteal implants can circumvent these problems in selected patients. Implants easily add volume to depleted buttocks and improve the lower trunk contour. Gluteal implant insertion has been performed in a staged manner, but few surgeons have attempted concomitant LBL and gluteal implant insertion in patients with MWL. Furthermore, few studies have compared gluteal implant insertion with autologous flap surgery for gluteal augmentation. In addition, while objective measurements of volume and projection have been extensively used for the analysis of the breast, 9, 10 they have yet to be used to assess gluteal projection.
In this prospective study, we compared the outcomes of gluteal implant insertion and autologous flap surgery for gluteal augmentation in patients who had experienced MWL after undergoing bariatric surgery. Both gluteal augmentation procedures were performed simultaneously with LBL, and the changes in the 3-dimensional (3D) gluteal projection were assessed using objective measurements.
METHODS

Patient Selection and Ethical Approval
This prospective study was approved by the institutional board review of Ile-De-France committee for protection of human subjects (IRB n°IORG0008367), and in accordance with the Declaration of Helsinki. We enrolled patients who underwent LBL in the plastic surgery department of our hospital between January 2014 and June 2015. The inclusion criteria were as follows: patients with postbariatric surgery weight loss who were aged between 18 and 50 years, those who had maintained a stable weight for at least 6 months, and those lacking volume in the gluteal area. Patients who were active smokers, those who had a chronic disease or a neoplasm, those who had a hemoglobin level of <12 g/dL or an albumin level of <3.5 g/dL, and those who were pregnant were excluded from this study. In all, 27 patients were included: 10 who underwent concomitant LBL and gluteal implant insertion (implant group), 14 who underwent concomitant LBL and autologous flap augmentation (flap group), and 3 patients who underwent LBL without implant insertion or autologous flap augmentation (control group).
Preoperative Planning
During the preoperative consultation for LBL, the senior author (P.L.) helped the patient to select the appropriate gluteal augmentation technique. Patients were not randomized into the treatment groups, but the inclusion was done on a case-by-case basis. The choice was based on patient morphology, degree of excess tissue, and preexisting gluteal projection. Gluteal flaps were used when the available volume was sufficient to create an acceptable gluteal contour. Otherwise, gluteal implants were chosen. In some patients with excess volume and adequate projection, no gluteal augmentation was performed (control group). All patients were explained the advantages and complications of the planned technique, and signed informed consent forms.
Preoperative Markings
Preoperative markings were made in both the standing and prone positions. With the patient in a standing position, we began to mark the superior incision at the midaxillary line, 2 to 3 cm superior to the undergarment. The pinch test was used to assess skin excess and to draw the inferior limit of resection laterally. Then, with the patient in a prone position, we drew the inferior marking centrally, anticipating a postoperative gluteal height of 16 to 18 cm. The pinch test was used to draw the superior line. The central and lateral markings were joined. If a gluteal flap was to be used, a dermal fat flap was usually delineated 2 to 3 cm laterally from the midline and was anywhere between 15 and 18 cm in width, depending on the patient's body type and intended contour ( Figure 2 ). We also marked the superior aspect of the intergluteal sulcus to protect it during surgery. If gluteal implants were planned, we did a preliminary drawing of the implant pocket by pulling the skin up and simulating the final contour. Implants were centered on the upper twothirds of the buttocks, and kept 5 cm away from the inferior gluteal sulcus and 5 cm lateral to the great trochanter.
Surgical Technique
The patients were administered 2 g cefazolin 30 min before the surgery. The surgical technique for LBL has been previously described. 5 During the surgery, skin incisions were made along the demarcated lines to the fascial level. In patients who were to undergo gluteal augmentation with an autologous flap, an adipodermal flap was de-epithelialized. The adipodermal flap is an island flap that uses lower back sacral and supragluteal tissues ( Figure 3 ). It is vascularized from its deep surface. The lateral flanks tissues were not part of the flap. 6 To form a pocket for the flap, dissection was performed up to the midheight of the buttocks, above the muscle fascia. The flap was then advanced into the pocket without undermining its deep surface, and inseted with multiple N°1 Vicryl sutures (Vicryl; Ethicon, Inc, Somerville, NJ) ( Figure 4 ). The skin and subcutaneous tissues of the inferior buttocks were then advanced superiorly toward the previously marked superior incision line ( Figure 5 ). Drains were placed and the incision was closed.
In patients who were to undergo gluteal augmentation with implants, skin resection and closure were performed. The markings for the gluteal implants were checked again and completed by drawing the precise diameter of the implant (Video 1, available as Supplementary Material at www.aestheticsurgeryjournal.com). The gluteal implants were inserted using the conventional technique 11 involving 2 paramedian incisions and an intramuscular pocket. Gluteal implants were positioned 2.0 to 2.5 cm deep inside the gluteus maximus muscle. It is important to leave a good distance, at least 4 cm, between the implant incisions and the anus. Once the pocket was ready, drains and then the implants were inserted. The pocket was closed in multiple layers. Care was taken to not communicate the body lift pocket with the gluteal implant pockets. The implants had a smooth shell and cohesive silicone gel (SEBBIN Laboratories, Boissy l'Aillerie, France). The implants were round or had a biconvex shape for volumes larger than 370 mL.
Postoperative Care
Gluteal implant patients were advised to sleep in the prone or lateral decubitus positions for 1 week. Sitting was prohibited for 1 week, except while using the bathroom. Deep vein thrombosis prophylaxis was undertaken by means of elastic compression stockings, which were worn postoperatively for 1 month, early ambulation (on day 1) and chemoprophylaxis for 2 weeks, using daily subcutaneous injection of 4000 IU of enoxaparin sodium. The surgical dressings were changed every day until wound healing. Amoxicillin-clavulanic acid (1 g, bid) was given for 7 days.
Pain Scores
All patients had a uniform analgesia protocol: a morphine pump was used for 24 h following the operation. The total doses were recorded. In addition, all patients received paracetamol [4 g/day, intravenous (IV)] and ketoprofen (200 mg/day, IV). Tramadol (150 mg/day) was started at 24 h when the pain pump was discontinued. All intravenous pain medications were switched to the oral route at 48 h. Pain was assessed using a visual analog scale (VAS) on day 4 and at 2 and 3 weeks after the operation.
Patient and Surgeon Satisfaction
During the follow-up visit at 6 months with the senior surgeon, every patient was asked to rate verbally his satisfaction rate, from 1 to 10. Three surgeons (one attending, one fellow, and one resident) were chosen from the same plastic surgery department, but they were independent from the study. They evaluated the results on a scale from 1 to 10. The evaluation was based on standardized preoperative and postoperative (6 months) photos. Each evaluator completed his rating independently from the others. The surgeons were blinded to the gluteal augmentation technique. The mean of the scores given by the 3 surgeons was used for comparisons.
Three-Dimensional Gluteal Projection
Three-dimensional volume rendering was performed in all patients preoperatively and at 6 months postoperatively. It was done using a structure sensor camera and Skanect software (Occipital, San Francisco, CA). Three-dimensional models were obtained. Constructed surface scans were imported into a secondary 3D software program (Geomagic Studio 11; Geomagic Inc., Research Triangle Park, NC) for data analyses. For every patient, the difference in projection at the most prominent part was noted after matching the pre-and postoperative 3D models. For matching, the bisector of the lateral thigh region, which does not change after LBL, was used as a reference vertical line ( Figure 6 ).
Other Data
The following patient data were recorded: sex, age, maximum weight, weight loss, current weight before LBL, BMI, type of bariatric surgery, comorbidities, medication use, concomitant procedures, length of hospital stay, operation time, hemoglobin values before and after the operation (on day 1), and blood transfusions. Implant volume was also recorded in the implant group. Patients were reviewed at 2 weeks, 3 weeks, 1 month, 3 months, 6 months, and 1 year after the operation. Minor and major complications were noted.
Statistical Analysis
Statistical analysis was performed using IBM SPSS version 20 (IBM Corp., Armonk, NY). Preoperative variables, postoperative outcomes, projection, pain scores, and satisfaction were compared using the Mann-Whitney U test. Complications were compared using the chi-square test. Significance was set to the level of P < 0.05. The small number of subjects in the control group limited the statistical analysis and this group was excluded from the comparisons.
RESULTS
Out of the 27 patients that completed the study, 22 were female and 5 were male. Mean age was 35.04 ± 9.45 years (range, 20-58 years). The patient data are listed in Table 1 . The mean follow-up duration was 18 months (range, 9-24 months). There was no difference in patient characteristics between the implant and the flap study groups. No significant changes in the BMI of the patients occurred over the duration of this study. The mean drop in hemoglobin level on day 1 after the operation was 2.4 g/dL (P = 0.54). Three patients required blood transfusions, one from the implant group (10%) and 2 from the flap group (28%) (P = 0.754). The operation time was significantly shorter in the flap group than in the implant group (3 h and 12 min versus 3 h and 38 min; P = 0.001). The mean implant volume was 294.5 ml ± 37.1 mL (range, 235 to 370 mL). Patients were equally satisfied in both groups. Surgeons were significantly more satisfied in the implant group (P = 0.007; Table 2 ). There was no difference in the length of hospital stay or pain scores at 3 weeks. Gluteal implants were more painful at 4 days (P = 0.004) and 2 weeks (P = 0.004; Table 3 ). There were 6 minor complications (60%) in the implant group (3 related to the LBL: one dehiscence measuring <2 cm, one seroma, and one infection; three related to the implants: two late implant rotations and one minor dehiscence). The flap group had 6 minor complications (3 cases of dehiscence measuring <2 cm and 3 seromas) and one major complication (hematoma). The complication rate was similar in the 2 groups (P = 0.944). Of the total study patients, 10 (41%) developed complications related to the LBL. The change in gluteal projection was +4.9 mm in the implant group ( Figure 7 and Supplemental Figure 1 ), −0.5 mm in the flap group (P = 0.1; Figure 8 ), and −9.6 mm in the control group.
DISCUSSION
In this study, gluteal projection increased by 4.9 mm in the implant group, decreased by 0.5 mm in the flap group, and decreased by 9.6 mm in the control group. The finding of decreased projection from LBL alone was experienced by many surgeons but it has never been proven before. This is the first study that uses 3D imaging to objectively study the gluteal projection. Thus, we confirmed that LBL without gluteal augmentation decreases gluteal projection by 9.6 mm. Compared to this baseline, autologous flaps alone increased gluteal projection by 9.1 mm, and gluteal implants alone increased projection by 14.5 mm. To put it better, when a patient is operated with LBL and autoaugmentation, the procedure consists of 2 operations that can have different effect on the gluteal area. In our study, Figure 6 . A structure sensor camera was used for image acquisition. Three-dimensional models were prepared. Constructed surface scans were matched in every patient. The most projecting part was studied. The midthigh was taken as a vertical reference point.
LBL alone decreased projection by 9.6 mm and autologous flaps increased projection by 9.1 mm, with the combined change being negative (loss of 0.5 mm). The same goes for gluteal implants with a combined effect of increased projection by 4.9 mm. We consider that the above results are close to reality since aggressive skin excision, in addition to the volume loss resulting from bariatric surgery, flatten the gluteal region. This can be anticipated and shown to the patient during preoperative drawings by pinching the excess skin and lifting the skin upwards. The resultant loss of gluteal projection is a good predictor of the final result if nothing is done to treat the gluteal region. Using a gluteal augmentation technique is desirable to avoid flattening of the buttocks. One argument in favor of using implants is that although the gain in gluteal projection is mild, it is uniform over the entire gluteal area. This uniformity of volume gain is difficult to measure using objective measures. Different autologous flap designs have been described in the literature. 7, 8 The main drawback of autologous flaps is insufficient volume in the lower half of the buttocks. Getting a sufficient flap descent is paramount to prevent this. Autologous flaps pedicled on the gluteus maximus muscle and transposed downwards improve the descent of the flaps. 7 Other flaps, such as Moustache flaps, 8 utilize lower back and lateral flank soft tissues as a partial island and partial transposition flap. The inferolateral displacement of these handlebar flaps lowers the level of maximum projection to the level of the pubis. In our technique, LBL is used instead of higher placed belt lipectomy. Therefore, the autologous flaps used are low enough for effective volume replacement. Also, we pull the flap downwards with Vicryl 1 traction sutures. This may be less efficient than other flap designs, but we strongly believe that undermining the flap base or using a partial island flap can increase the risk of vascular compromise, and can result in increased rates of steatonecrosis and seromas. We also undermine the gluteal skin and fat in the plane of the gluteus maximus muscle, stopping 5 cm approximately from the infragluteal crease, to avoid injury to clunium medii and the cutaneous femoris posterior sensory nerve and subsequent denervation of the gluteal skin. These may be a limitation of our technique and an explanation of the insufficient volume in the lower buttocks (Figure 1 ). Patients were not randomized into the treatment groups, but the inclusion was done on a case-by-case basis. The choice was based on patient morphology, degree of excess tissue and preexisting gluteal projection. Patients have different body types that should be analyzed and treated accordingly. 12 Patients with flank lipodystrophy and minimal lower buttocks deformity should be ideally treated with the superiorly located belt lipectomy and implants. Treating this deformity with autoaugmentation will be insufficient. On the other hand, patients with gluteal lipodystrophy are better candidates for LBL and autoaugmentation. The flaps are low enough to provide sufficient volume replacement of the whole gluteal area.
The complications of the LBL procedure in the implant group were minor, and all of them were resolved with adequate treatment. They did not affect the final outcomes of the implants because we used separate incisions for the LBL and implant insertion. Since dehiscence and seromas were reported to complicate 19% and 5%, respectively, of all LBL operations in a large series, 13 we considered it imperative to isolate the 2 dead spaces and cavities to limit the spread of a complication from one cavity to another. In the implant group, we observed one minor dehiscence that healed spontaneously, one implant rotation secondary to a motor vehicle accident, and one spontaneous rotation at 5 months. Both rotations occurred in patients with round smooth surface implants. Implants changed orientation from being in the frontal plane to being in the sagittal plane, ie, the implant base was facing anywhere but anteriorly. Both rotations were treated successfully in the clinic by using external maneuvers. One possible explanation for implant rotations is that patients with MWL lack sufficient fat and tissue volume to pad the implant, and tend to have thin skin, which makes them more susceptible to implant rotation, palpability, and visibility. We believe that the lack of tonicity of tissues in MWL patients is a possible explanation for these 2 rotations. The complication rate of the LBL procedure was 30% in the implant group and 50% in the flap group, which is comparable to the rates reported in large series (Nemerofsky et 18 4 h and 38 min for Vico et al, 19 and 4 h and 12 min for Nemerovsky et al 14 ) . This difference is explained by our double-team approach, and the large annual load of 70 LBL surgeries at our hospital, which make it a routine operation.
Furthermore, our study is the first of its kind to describe the use of gluteal implants with LBL in MWL patients. It is also the first to prospectively compare the newly described use of gluteal implants to autoaugmentation, using objective 3D analysis. Very few studies exist on the concomitant use of gluteal implants with the LBL procedure. De la Pena-Selcado et al 20 retrospectively reviewed 114 patients who had undergone gluteal lift and gluteal implant insertion. The authors used the body lift incision to insert the implants in the subfascial plane. The rates of early and late complications in their study were 43.8% and 6%, respectively. The mean patient satisfaction was 9.6 over 10. The patients in their study had undergone the operation for esthetic reasons and were not postbariatric surgery patients (BMI, 24.5 kg/m 2 ). Although we also performed LBL and gluteal implant insertion, our series is different from their in many respects: 1 our patients were postbariatric surgery patients with a mean weight loss of 51.1 kg. Postbariatric surgery patients are known to have a higher complication rate (60% more) than nonbariatric surgery patients, 2,21 we used an intramuscular pocket for gluteal implant insertion, and 3 the LBL and implant pockets were separated owing to the above-mentioned reasons. The complication rate of 30% in the implant group in our study is similar to the complication rates reported in large series. In a multicenter review of 2226 gluteal implants, the total number of complications reported was 38.1%. 22 The most common complication reported was incisional separation (7.9%).
As shown by the literature, gluteal implants and LBL are not commonly performed concomitantly. Given the high complication rate of LBL alone and gluteal implant insertion alone, one can argue against the combination of the 2 procedures. Staged surgery would seem to be the reasonable alternative. However, there was no increase in the complication rate in our study (P = 0.944).
Postbariatric MWL patients are usually satisfied of the resultant contour from LBL, independently of the technique used. Srivastava et al 13 showed equal satisfaction rates in patients undergoing LBL, with or without augmentation. Our study also showed equal satisfaction rates between gluteal implants and autologous flaps. Nevertheless, physicians prefer more projection. Therefore, they rated higher the augmented buttocks in the above-mentioned study, and the gluteal implants in ours.
Previous works has supported the validity of 3D analysis of the breast 23 and limb volumetric assessment 24 using a Kinect structure camera. We believe that this technique is accurate to study gluteal projection. In this study, the nonmodified lower thighs provided an internal control, confirming the accuracy of this technique.
There are several limitations to this study. Although the study was prospective in nature, the 2 groups were not randomized, and the choice to assign a patient to one or the other group was based on surgical indications. This is because it is unethical to perform gluteal flap surgery in a thin patient, and gluteal implants are not required in patients with sufficient volume in the gluteal area. The sample size is also a limitation of our study. There is a possibility of a type II error (false negative) that might have been avoided if a much larger sample size were possible. Another limitation is the surgeon assessing the patient's satisfaction rate, via a surgeon-patient interview. This may have caused a response bias. The use of the vertical bisector of the lateral thigh as a reference line for comparisons in projection may be subject to discussion. In the absence of fixed bony landmarks for accurate preoperative and postoperative comparison, the bisector of the lateral thigh was chosen as a reference line. During LBL, the translation of pull lifts the lateral thigh and improves its contour. However, this reference line is barely affected by the superior vector of pull and remains a relatively stable reference point. A small change cannot be accounted for. The uniformity of LBL used in all patients reduces to a minimum this bias.
The strengths of this study are its prospective study design and the use of the same patient for comparisons of projection. This avoided confounding factors that may have otherwise led to inaccurate results. When liposuction is performed in the posterior lumbar/supragluteal area, the impression of increased gluteal projection is obtained owing to the removal of excess fat. However, since the same patient was used as his/her own control for 3D matching and overlapping, the gain in projection was accurately analyzed. Using this measurement technique, all confounding factors such as liposuction and amount of tissue resected were avoided. Therefore, all changes in the lumbar area were ignored.
CONCLUSION
In conclusion, the gluteal area should be augmented during LBL to avoid loss of gluteal projection. The use of gluteal flaps is appropriate in patients with adequate soft tissue projection. Otherwise, the use of gluteal implants is an alternative in thin patients. This method gives esthetically pleasing results and a slight gain in gluteal projection.
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